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Introduction
Invasive species may drive native species to extinction by mating with closely related native species (hybridization), or through competition for resources or space, a more efficient use of available food resources, predation, and indirect effects [1, 2] . Invasive ''alien'' species are now considered one of the top drivers of global biodiversity loss. A striking example of a deliberate introduction that has gone out of control is that of the multicolored Asian ladybird Harmonia axyridis (Pallas, 1773) (Coleoptera, Coccinellidae). H. axyridis is native to Asia between Siberia at the North and Southern China at the South, and from the Altai Mountains to the Pacific Ocean including Korea and Japan [3] . It was first introduced in North America in 1916 for biological control of agricultural pests such as aphids and scale insects on crops including citrus, maize, and tobacco [4, 5] . It has been reported in all but two US states [6] . In western Europe, H. axyridis was first introduced in 1982 in France and is now considered established in 26 European countries [6] .
Many theories have been put forward to explain the success of invasive species. The enemy release hypothesis predicts that an invasive species in its new environment will experience a decrease in regulation by natural enemies, resulting in a competitive advantage for the alien species over native species [7, 8] . While it has been suggested [9] that there is no support of natural enemies exerting regulatory effects on coccinellid populations, a recent study provides an overview of parasites and pathogens with focus on the resilience of H. axyridis compared to other Coccinellidae [10] .
Here, we consider the obligate ectoparasitic fungus Hesperomyces virescens Thaxt. (Ascomycota, Laboulbeniales). Previous work states that H. virescens does not attack H. axyridis in its native range [10, 11] . We explore evidence available for assessing the (historical) distribution of H. virescens.
Materials and methods
Museum collections were examined for Laboulbeniales on H. axyridis, and close relatives that were selected based on recent phylogenies [12] : over four thousand dried specimens between 1915 and present were screened. The inspected entomological collections are deposited at the following institutions: National Museum of Natural History, Smithsonian Institution (1,274 specimens); Museum of Comparative Zoology, Harvard University (723 specimens); American Museum of Natural History (684 specimens); Field Museum (Chicago) (554 specimens); Department of Zoology, University of New Hampshire (513 specimens); Museum of Zoology, University of Michigan (314 specimens).
Parasitic thalli were carefully removed from the host integument using a BioQuip Minuten Pin and embedded in Amann solution [13] . Cover slips were ringed with transparent nail varnish. Morphological analyses and measurements were made using an Olympus BX40 light microscope with Olympus XC50 digital camera and MicroSuite Special Edition software 3.1 (Soft Imaging Solutions GmbH). Photography was done at the Harvard Center for Biological Imaging using a Zeiss AxioImager microscope running on ZEN software.
Microscopic slides are deposited at the United States National Fungus Collections (BPI) or at the Farlow Herbarium (FH), Harvard University.
Results
Of particular interest for this study was the discovery of Laboulbeniales parasitizing Chinese H. axyridis. Additional data resulting from the examination of the aforementioned entomological collections will be presented in subsequent papers.
A total of 1,152 H. axyridis of 4,062 studied pinned ladybirds were listed, 336 of which had been collected in China. They were distributed among the Museum of Comparative Zoology, Harvard University (173 specimens); the National Museum of Natural History (159 specimens); and the Museum of Zoology, University of Michigan (4 specimens). From these examined specimens only two specimens, deposited at the National Museum of Natural History, were found infected with H. virescens.
Taxonomy
Hesperomyces virescens Thaxt., Proc Amer Acad Arts Sci 1891, 25: 264 ( Fig. 1 
Discussion
Roy et al. [10] suggest that H. virescens is probably native to North America, referring to the fact that Thaxter [33] first found it in the USA on C. stigma and Hippodamia convergens Guérin-Méneville, 1842, both native to North America [34] ; soon more recordings from new localities Although the first introduction of H. axyridis (of Japanese origin) in the USA happened in 1916 and despite at least fourteen reintroductions [4, 6] , the first established population was only found in 1988, in Abita Springs, Louisiana [5] . Thereafter the species spread rapidly and currently is reported in all US states except for Alaska and Wyoming [6] . Microsatellite and mtDNA data show that the genetic structure in H. axyryidis in its native range falls into two groups, east and west, and that populations from both groups have contributed to the invasive, so-called bridgehead population in eastern North America [4, 6, 37] . This combination between genetically diverse populations from the native range may have facilitated the success of H. axyridis in North America, and consequently its subsequent expansion. It has been suggested that with the rapid expansion of H. axyridis also H. virescens will continue to spread globally [10] and threaten native, noninvasive Asian populations of H. axyridis [11] .
While H. axyridis was already present in the USA in 1916, the earliest infected North American H. axyridis was found only during the summer of 2002 (in Ohio) [17] , 86 years after the first introduction and 14 years after the first established population in the USA. Based on the presented records, we consider H. virescens a historically globally distributed species that also attacks H. axyridis in its native range. Furthermore, we hypothesize that native H. virescens infection was lost when beetles were imported into North America, for example, because sampled specimens were ''clean'' (free from infection) [37] , and in line with the natural enemy release hypothesis [7, 8] . After a time lag reinfection with local H. virescens occurred, the first evidence of this was recorded in 2002 [17] . 
